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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To obtain a structure in which both an 
electronic device and an optical device can be optimized by 
a method wherein the overlap of the wave functions of 
two-dimensional electron gas and holes injected from an 
emitter side into a GaAs quantum well of an undoped layer 
are controlled by an electrical field from a collector 
electrode. 

CONSTITUTION: When a GaAs/AlGaAs heterojunction 
is used, a carrier feed layer type AlGaAs layer 4 and an 
undoped AlGaAs layer 5 are provided so as to form two- 
dimensional electron gas (2DEG) in a high purity GaAs | 
layer 10. Moreover, a p-- AlGaAs layer 1 1 functioning as a 
potential barrier layer against holes and a p+- AlGaAs 
collector layer 12 are provided so as to temporarily localize 
a hole injection current 100 from an emitter p- AlGaAs 
layer 3. When a semiconductor device is made to operate 
as an light emitting device, the holes 100 are properly 
injected from an emitter side and a collector bias is applied, 
whereby the overlap of the wave functions of electrons 50 

and 51 in a base can be controlled. Therefore, a recombination time required for electrons and holes 
inside a base region can be made extremely small and the light emission of the base region can be 
controlled at a very high speed. By this setup, a structure where an electronic device and an optical 
device can be separately optimized can be obtained. 



' v 



r 



LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examinees decision of 
rejection] 

[Kind of final disposal of application other than 



http://wwwl .ipdljpo.go.jp/PAl/result/detaiymain/wAAAa07784DA403046289Pl .htm 05/09/2001 



Page 1 of 1 







© a * a «* * f? cj p) <s> s » as m & a 








S84#I*^«(a) ^3-46289 


©Int-CL* 






H 01 


s 


3/T8 


7377-5F 


7733-5F H 01 L 29/80 E 








8225-5F 29/72 * 




















®*? fi 71-180320 






@& S 71(1989)7^143 


^ 




¥ & m « * 
















& ft A 
















2. S & S 


ssusss^mmsfra 1 TB2so#J8i »s££tfcBS£K 














fir 9ft 9 


K^S^mXS^S 1 TS2S0S* tt^^ttBlrSJ 










©at fii 


A 








A 


#s±- <mii mm 





w « * 

wort: tic* y ^fc^- *««fl<7>**fc 

£0. ±fi-ft:*tttfi&-e*v*b -ffl<DflJ« 



n ft 2 00 * a s>ra c te a u * o jls » 

<0»« it * IBS t ft v*,fc *4T? SKtt 

ii 3 tin*** «t amiae ft * fift-r % ^ t c * 



-519- 



http://wwJpdljpo.gojp/Tokujitti/tjcontenttmsjp 05/09/2001 



Page 1 of 1 



BftOfi* »J*iiJ|gfc 1>T±2Z£3 0*IS*« 
ttu ********* v 7Qfita^i9(Sft 

3. 

ft A 5T Y * - K ( L PO) 9 © % * * * * t * * « ft 
h 5 9 (FET ; FiiLd Eif**t TriBiiitor) 

B«t*rojortctlon BipoUr Tr«A*lttop)9^f8<? 

I C (OBIC/MSI/LSt) r» 
/Was -9 >• ^>t?x*)*> *-f ^f>^gi: 



»H^3-46289 (2) 

-7W. 1908* 5J1). t£jfeQ0EICCO£t*fc&iajg 

^fe»stt*»(0ss r. msi. lsiow 
stj^ra fe b*-t a** t l r c j: * 

BBu-tf-tMaait-rdz & 

Bn**J. ^-*ffl^W«f b-tf-OMfcKM 

satins 

IT. 



-520- 



http://www .ipdl jpo.go .jp/tjcontenttms.ipdl?N0000=2 1 &N0400=image/gif&N040 1=/NS 05/09/200 1 



Page 1 of 1 



Ait a fc it ft jfeftf* S *. * \* r /< -f X 
re*. 



**JS¥3-46289 (3) 

urn* ft ft * « * m « #ss*^ . 

b. c. o. eta££it*£ttT?4:<. 



tti»*UT. iUBVKJeO. ¥«*«A&K 
J3JStS%rS2H(a). (fcllMIATA. 

^ iltt ^ $f y ^ ^ O pnpS Kfi T (Ha t« ro j ■ ac t ion 
Bipolar Tre4}#i»t«r)Oq8I'< — A fRlftiC. li ^ 

-f r AtMBL-C. -*-Art«tt*<»2Ba>0A) 
* iEJl m 2H Ck) *>8) * m e U & * * X A A 

0£?iB*afai&tc#M-r*r Etc* 



B-*?TMt *fi9TU — — <J.K*ti tt6« 
A»pA. Ptiy». Lett- 37, (1«80K 21DIC fcfciffir. 

* x k 3ft « & < % at * c t tt t u a * -c 



http://wwwipdljpo.gojp/tjcontenttms.ipdl?N0000=21&N0400=ima^^ 05/09/2001 



Page 1 of 1 



* * * ZE *<9 S H # » * £ « K*9 9 * * c 4: it 

sup. *r«*>-5. yzrn/^? a fipn^SHsma 

f-«tt. YJUn «t tl.tt. 'Threa 
T«r»in* 1 Li«bt Etdttlog Device aiU 
Fuactlooa of Currant In J action and Field 
Control* r tX-S-7,pp635-$J« :£At«»d*d 
Abstracts of th* 20tb(J948 lo t«rn*tion* 1) 
Co&f •root* on Solid Stole Device* and 
KatariaU, 4<uual 24- 26. >9W P Kaio Plaxa 
Hottl t Tokyo, JiPlB CDcfi-C, popffiHBTO X 
&tf ft n-AlGoU/ 7 > K - ^G*Jlt/ft-ilG*A«ot j& 

T?1?T^i. i<&¥Bttifift» pn P DSr<J!>X£ 

A-f X(2DeGHDT)fcfiJH/"Cmb (fYoeoediucs 
of tfca 1EDK - lotarMtlooal electron 
Devices Heetlrig, VaKb*n(ton O.C., December 6 
-9, pplo-SI. WWIB82-J&4S5*. 

«MIB6^2$4S4^, #5ff8a6Z~l9604«-?. f3C3l3 

fcBKJ6J-236359*?t*. «2ffl (c), <d)*C#-4T 
ttCW-jfC**-ft7C«? *f;*.SttOE€>590<(Z| 
S«:CllS(b), (e)TMt^LT^ft. 430» 
IOEGft*»T*S n-JlG4A»A. 4S0* 1*12**4) 



» 19*3-46289 t-*) 
U. «it b'v^v^ictii i p-ucaa» 

Kan at «1.0?/<<f *«15<t5t?/1W 

* (**»&am e a h r ssru**) . 

*i y >«-CP-U6jijffl-C»Bia|v'C^t, «0* 
^SOftpntt^-en-ilCAitAltSSftfeJ: ^ICI* 

fl42<)U#b5t***^PTipS2W'e«*fci»U. ^rR 

:>l'£ir0 $00. 30 D' 0)flW*»>C< 900m 
ttTUfc* t , — X • 3l/£*«t* 420. S00. 
500' T«SLfc)feO — &tr P*6aiB«410rtTa 



-522- 



http://w\w.ipdl.jpo.goj 05/09/2001 



Page 1 of 1 



frLzogtt. (>-ijfi»isffl rets* act 

A J; y <c a sa**"//^ r c »#nw4c»& 
(iff -n^ o/W h 

»/< - a«*t? «>«A t si «rr * ftft»?oGtt 

GaAft4i£_ USIBc. <D£p*-i]Celi©50C, SCO' CO 

rat 

w a £ ar ^ ^ 9 o & ^ a k # * # * f* 0 4* 
o> rts -c ft r ± i « # e* t «>»^ a 

<!>/<> Kttx*/Hf-«<&£fti:|fc 
- > < v F 8 K 'J * * *a © * « & * tt <W "T 



»B¥3-4B289 (5) 

Tti. 2****3**1*4:). c<oz^ic«ftm» 

ft* n*^:**^* u«£flla ******* 

ens***-* r±E/^^9Da^ai£i^u 
2 tear o*-*^t,tt»ff©« 

ffltf i: £4v£ (t KJ?ff>(g fee 

tf±C2*#fcaAe©$ii4*n.en±Efc*n 

ei(5(i)U)ai/(c)C2^7t«^^^Ei 

11. P*~AlG*As3 U ll&Rjfi-T** 

IC. TV K-:f GaA* JIJ; K*-r * ^4) 

-x«t*-c. ft&Lfejtaa 

KC^OTii. aWS^JBll, ltOfi/*t*£* 

Si-ax hivn-ar fc*. 



http://wwwipdljpo.gojp/tjcontenttmsJpdl?N0000=21&N04 05/09/2001 



Page 1 of 1 



flr?ft*. cKci'J, *-a£*t 

Aiia &<d * ft iE ate t •» r <o # + > u + inaa 

JLGiUJBlK ll'«Diiej£. BJJOU J/A*A(fl 

*tx. iiGaAfAy ^ t -»*f*zt> refers s 



11 C3 ¥3-46289 (6) 

Undi «t *1. Sviis»ri*« «1 6 lb 1CUP 

**»^fc LtOBSftfc 

* fe^ofiGtt vtt a m c s * -c ^ & a . 



cooeict ix oft * tit ©«r* 

fcS6?C$C?arf?«. 2DEGFSI * 2DRGDBT * J& 

fct£Jt*J. LEDW»tt*tUT. 

I** lit Jft L B(<J>® Jt } 

ttsso-c. ffS p-trsovc* — ft? #F>U 



% i5 m * <t> « ? * * a * * * * a ^ & tf d a 

JS3[9(.)- (b), (c)> feSQV^Stt i/-ftiS| 

-atec»*ufc»*(»3 bu)> course 



-524- 



http://www.ipdl jpo.gojp/tjcontenttmsjpdl?N0000=21&N0400=image/gif&N0401=/N 05/09/2001 



Page 1 of 1 



?k,$. Bpitn»)ftffli»T. «£j5£f* ft fro fc» » 
3 (9<t) icgtTx fcTSfeCD AftMl*. ►*G*A.ff13 
(Bifc|0xiO"c«* , tf *?L . ** 600n.K 

(4ll&j& rtt, 0.4*. 0.15* eo.500RH-cax* 
*5 fc A ** • HfO K-^V^U^*JH4 1 XiO 1 ' 

150»«T> 100n» 3^ ^JOOd.O tsffl-ca^ * ft ^ . ), 
r> K-rCaAsJglOtt. 15n»(*S». 10o»7> i& 
30d««)«t*8^ * Uo. K-tfv^u** 

ca-s- > o # * * a ♦ s«K-iry^t'^x 
*ti±i;. - 3 u 0 * S*K**i: 

eta-ce. iiEH.O#tf M ft *f» 



»«3¥3-46283 (7) 

T ^ K- ^UaG^-^cJSSl* 2 * * « * A 

5O0>»O«ft ^ftfiitOiv* -5 C 

*c . aw ttir.r* $ ♦ o* *7 0 .<o€a fa ^ $ . 

d-Al«G*,.»As0m. Jlfidt otUT 0.15. fijg 
t l/T 30p». SeO K - tT V 5T * x AV t tlx 
I0 lt e«-* ft flit ^ S . llffljfi u«t0. 24* 60.45 
^ tgB. H»ttl5«* 6 45n«0«a. $•© K - f 

*fc tt<Xl* l, ei° fca<£* AlftA »tt 0.30* 
&0. 450*50. fi0lilSOft**^4SOa a <Dtga. 9< 

«K — eyiri/^xA't u r i .o* fcio.o x 

rD-(*-i» ?*ttft J: < i~ & & 4>> c p'* 
*C*A«jff|. 2ftS0n«#£**. * <*> t « . lOftfCD 

CDK<6> K- ^ U * * 4x lO^c^^-C * 

-3 fc„ p&G*Aft/ilG*A*«> K-AVhtLXtt, C 



«41v-^6flu fcn66)tS i; J: u . 2 x 10 (t 
M"3vF-^t4:^, ^ftfe * c<*> — 
*;/>ftffi^fc*#. IKttftR* HiCAtXT. S 

* < . inj»X«ft«A<D*> «$£Tpn»«0^ft 

tfjfr St ft * . 

3<*&B®«&:rBirx flu. as 

-Ai.cs,..t»fiiitc ? x />vpia ««tc. a&t 

tt^t-a^rwwtstf, a«#ttA &i\fc¥*ft 

S»ar«*fi«<A). 2DEfirHrfi 
fc2DBG8BT<C)At*ZDfCm(B)l*. ?lfi/<> V»tt 

0 * » * * e . ^<B-yotxt»atMj« 



jr + i> f ft* U(ifl«i«U»n#J6 0tte), 5*0. 

20eCHBTCC)fl>i ft v * tt«30. 18 S S R A ft 2L<A) 

4ft*f(D)©y-m517. 37 9 ft«VSi/Vft 
300o»J* r> * S O fc ♦ C « h ft . 2DEGH0T A X 
;y*«ft«t»tt. U iX 10* it * -9 . C 
©Xi ttttt, (O.Z* *5.©a.) X (6.2* £ 
2000 ^ i)9«flT|4 t J**». ^-KfliaflO^tt 
tt, 0,S^.XlG0a»T fc^ fe. Y-v^tt, 

(o.2* s.o* «) x (o.2 «» t, tooo/i Kara 
4:. x £ y 9 ttsso. 30* ft ft n a;, y - h 9 « 
37. 37'»*huj;xKtta»ft. iaxcfc. \> *J 

3T. 3Vftv*?fcCT. FBT(S> S VSAlIf (D) 
U - ^(E;» 3 B(d)) fl«0>p-GaA»/A|CtAf 1. 



-525- 



http://wwwjpdljpo.gojp/tjcontenttms.ipdl?N0000=21&^ 05/09/2001 



Page 1 of 1 



A»a««fifeffl^-c, $i iixio k *c."^w^& 

n*«i*20 -fc It. 0.45, S 

ft* &0.«<8 10 B. «0tt3OOo.3^6iaOOo«Ot3H . 

feU, iHt:, SIC, t: lOOn-m* U . * 9 * W — 



« CD ¥3-46269 (8) 

tit, 0.$»^Jjiit^«. fct. &KtC. 
SIO. *100n«iS* t ♦ "J 7 7 J: V JOWfET 

« r . 56'. /w*-?(c>. *aat*u)*>*<- A 
aeii. sr. ^**i/-^ooaa^o*- i * 

40£iC. tDECBtTCOt* ft 3 U 

31', *««EP-tf«rK*^<9^- 
4 :* ? «BU3%j£jftY * £ ftiuWiti t: » S 7 B 

*te-C*2 fcofc. CP** h 1/ > *4S t £A C . 
@K * iit o * *ttft u tr A COfc, 



*^um*a» fiat**©** 
p^c.i.u. « c tta 

20BGKBTS»3t» 3 Hi>t 2CECPET52 



i*n.5a»r*u. y - a< k t- ■< v>y- sate 

» >X 400iS/»». ft*A«K fit IT 

«f AiSttff t 0 T JBOGflt, * Hr 0 Ct 7000 



http://wwapdljpo.gojp/tjcontenttmsJpdl?N0000=21&N04 05/09/2001 



Page 1 of 1 



ttttAlGais*5*J:' fc m ^ J£ * fcT* fct. tr t L 

* * «-*■ y ^fc: »Bft"e ft J: 5 U ft . S <9 ft 

*«tt0>3ttff<& J: -J c % A1C#A, 3 t/ ^ ? » il 
1 20 £ 8t B ff I* Utf& *!0. 3<& « £ * IS 300n»a Jt 

urfteetf«ft. r &fl£ico hj? *ar 

A* P*-GaJsJBl3*x«BaL&vt £ $ ic T ft ft T ft 
ft, :(OJ:icti:kt, £ * ft * * 6 fl> A * 

P*-G«t a ff 33-C«ift *|V« < ft ft, 

k r e ft , 

ft* ***P-*rtiTtt, SAK-^»2if 

3ft (EDHO* ; ftodelatioa Ctope4 Multiple 
Quanta. M«U, 2 fl©£?-#F*a) t 

« ^ #;ST ft ♦ ssk i 

<»cUcuUr fte«» Epittxy : leOtfiv^, 6 A 
&600 p*-4l*6*, -■AJtAllfilfi ja*tto,4-e . 

a*o.35 6» ^omk fflj:, B«afiti t 4xio iB »- a 

600o»£ SOOfta* *> 1000na»l3 Dt' 8,*tf ft t 
fiv>, K TVK-^Xtt. P~-tlrG«..rA»/0U 



feJBkti. 30* 6 s&CH^t » < , tt#K«4> 

«»9&te trfcft £ t ft fc. *Jtfttt 

Tit, t r*tt£fl fcffli*T^*/t^* 

£8* < (tp««c). XVQXfl^Kfitt^a 

T * - 8)fefi«i|tti!lll5^7ttf. S ft 

a art ft. *XAntit. Mjift^ff^w 

»f kit. SAfll^trlOSCFBtl: ttfl^l; 
II. ZZ. 4, 8. C, DKCtte^KftfcKigf ft 

K-kTvirp^a^ttoffi-e*ii., P £-cft*\» s 

o-M,C 9i -tA.Watt , A 1JB f&z k L T 0.25 . 6104: 
L"C8n». Si© K - tf V if [/ ^ x A» t L T J x 10" 
ct'^BtT^i. AlftJSi rttO.24* &C.30OIG 

*ALAt*0-C, fijy Mt3nkT« ft , 0^^7ji«O 
taiS^HiEU^. 7 > K yCiim£ 6 & 10bb(J9 
tt10ni> P,300n« O Bl ^ a V* . K — t^ViTb^x 

/t^ttoK-c ft it. pffl-cJbA. s x la'^c.^ftT *i 

A 4S) © J? £ T ft ft , n-U v Gi,. k liJ94U, Alffltfl 
«t ttC.25. flfffc t X30t»». S1(0 K - tT iT 



-5^7- 



http://www.ipdl.jpo.go.jp/tjcontenttms.ipdl ?N0000=2 1 &N0400=image/gif&N040 1 =/NS 05/09/200 1 



Page 1 of 1 



o«a. sto k - tf ^ 9 u ? * * t u ri *> **x 

fcftn* AllBJft vtt0.30* 6O.<S0«Q. gtitt 

tOtS. lOBeCD K - * > 9 * ff X Pst±lX 10 4 * 
1fl ,i e»* , t? fe fc . <p32CiA»/AlG»Ai<& K - * S> 



»fS¥3-46280 (10) 
ttA«i%iftSf«e^ 2«i»«?*a. so. 

xio^c-^tjti.^sizotftstfc. una 

*£ UTO.U, 3 J* fc U TSOOoa. Si« K - > 
if V * * * fc U t? x fcjfi A/1M»* - 41 

fl£ «tt0.46A»&0.$$« Qfl. Bi? tt300o.fr t> 

fe**C. HOCVO<Dn*-Cal*aKj«H * ffl V> T . Si % 



cot*. k at t*o.5*«. y-h«ttioo*i« 
-c*-»fc. * o a (/ * 9 «B32. at;* 

»if(tft-5rv^fc*t), & » ft i t n a k * 



il PET/ *< ^*-9»»A<!)**l:R-7 , Ot*T 
a5) ' 



-528- 



http://wwwjpdljpo.gojp/tjcontenttms.ipdl?N0000=21&^ 05/09/2001 



Page 1 of 1 



fiMOefttfft BttJtS^l.ac»l Are* Nat 

»crk uiuqtr. isirkd as* * > * - ? * - 

QilCfc. CSP (Channeled S«b»tr*t« Planar L*«*iO 
V— if . TJSCTranavara* Junctioa Strip* L*s«r) 
f— +ffl9Tj65, tOOGFet. 2D£6MBTfc * / <J v- ^ £ c 

ft* Vfc/*. 2 * LED© 

r*^-? 'W AtFET. Bipolar*) t ft ? 4 A 

3) S ttft^a 0 , BRtttf*<, $ g t 'J d s 

-X^N'H. B20(i). <b>. («)&tf{d>li. tt 
3B<»). 0>K (e) fttM4)&U. »4 0<oK <b> 



!ira¥3-46289 (11) 

tit ft U T t> £ t v , 

t } *C 20€QFBTtt „ ZOEG ( 2 ft j£ * 

*#x) t*c. * v v r tta* »mflj£ 

dENT nifb Electron Nobilitr frantistor) 9 
V \t 3 P ? * m\\ I00o.«&j£ U. ^ >Jil 

I, 13. 4K-'p*-fiiii t 2*"p-G««a. 3«--p 
-i)Ga*s, 4, 4'. ft. 430---n-AlC«Af , 5. 7, 9*»« 

Ciia. II. II'. SD«, SM'.-p(p')-UCiAi. 12. 
4S0"-e*-ALC*l.. t^•••¥••»^iG.A*SS. , 50, 
S0\ $90--- 2 $l*"J3S£Jl. 41- 

iO. 30'. t40---X* 31, 
31*. UO'-'t-attS. 3J. 32', 

afg'<V7A«d. 40. 40'. 33— -pffl 
34 - ofi««. 35. 16. 
3«'«"HK>l|fi t 37. 37' ••♦y — KQIfi, !0. 
2I***o-ilG*li. 22, i4---n*-C»A«, 23"-a«fit 



^«A#JS± ^ jq 0 ^ 




-529- 



http://ww.ipdljpo.gojp/tjcontenttmsjpdl?N0000=21&N04^ 05/09/2001 



Page 1 of 1 



ft OH ¥3-46289 (12) 




http://www.ipdl jpo.gojp/^ 05/09/2001 



Page 1 of 1 




http://www.ipdl.jpo.go.jp/tjcontenttms.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/NS 05/09/200 1 



Page 1 of 1 



»E8*3-46283 (14) 




% (*) 




©Int. a,' 

H 01 L 21/331 
27/095 
27/15 
29/73 



7733-5 F 



-532- 



http://wvwjpdljpo 05/09/2001 



